In this manuscript, a modified single sampling plan is proposed for the inspection of products in which the nonconforming items can be classified in to two categories namely critical and non-critical; and explained with the help of industrial example. The operating procedure of this plan is also proposed and the performance measures such as the probability of acceptance, average sample number, average total inspection and average out going quality are also derived. The optimal parameters are determined which will have minimum sample size. The efficiency of the proposed plan is also discussed over the conventional single sampling plan. The extensive tables for selecting a modified single sampling plan based on AQL and LQL are provided for both Binomial and Poisson distributions and explained with the help of industrial data.
INTRODUCTION
Acceptance sampling plans are used by the consumer for disposition of produced items in lots as suitable to be consumed. A lot is a group of products, produced in a similar environment is assessed either as acceptable or reject able based on the inspection of a sample of items drawn from the lot. Acceptance sampling plans provide assurance to the consumers on the quality and safety of accepted products. One of the main aims of implementation of the acceptance sampling plans is to reduce the inspection cost, directly proportional to the sample size with the desired protection of the producer and the consumer. The application of the acceptance sampling plans has been increasingly recognized by many industries. For example, the application of acceptance sampling is discussed by Bray and Lyon (1973) in food industry; Baker et al. (1993) in drug testing; Bhaumik and Bhargava (2005) in testing fiber optical; Deros et al. (2008) in electrical and electronic manufacturing industries; Santos-Fernandez et al. (2015) in food processing industries. In general, the acceptance sampling plans are classified into two major categories namely attribute sampling plans and variables sampling plans. The first one will be used for the inspection of attribute quality characteristics, in which the items are just classified as conforming or non-conforming. The later one can be used for inspection of measurable quality characteristics, in which the quality characteristics are measured on a continuous scale. For more details on the recent developments on acceptance sampling plans, the readers are referred to Bebbington et al. (2000) , Clements (1979 Clements ( , 1980 , Cassady and Nachlas (2003) , Dahms and Hildebrandt (1998) , Legan et al. (2001) , Liu and Cui (2013) , Palcat (2006) and the references cited there in.
In the literature of acceptance sampling, several sampling plans are available. Some of the basic sampling plans are single sampling plan, double sampling plan, multiple sampling plan and sequential sampling plan. In single sampling plan (SSP), the decision on the disposition of lots will be decided based on the inspection of only one sample drawn from the lot. The SSP is specified by two parameters namely n, the sample size and c, the acceptance number. The operation of this plan is simple as follows;
Step 1: Draw a random sample of size n from the lot of size N and observe the number of non-conforming items (d) in the sample.
Step 2: If d ≤ c, then accept the lot; otherwise reject it.
Use of SSP sometimes leads to a great loss to the producer, since the whole lot may be rejected based on the results of single sample. To overcome this drawback, double and multiple sampling plans were developed. In the double sampling plan, two samples are used to make decision on the disposition of the lot and in multiple sampling plans more than two samples will be used. For more details about the basic sampling plans readers may refer to Schilling (1982) , Duncan (1986) and Montgomery (2009) .
In this paper, we propose a modified SSP in which the non-conforming items are classified into critical and non-critical. This modified SSP will provide minimum average sample number compared to the conventional single sampling plan. This paper is organized as follows. The modified SSP is explained in section 2. The designing methodology of the proposed plan is explained in section 3. Advantages of the proposed plan are given in sections 4 and 5 whereas some concluding remarks are given in section 6.
MODIFIED SINGLE SAMPLING PLAN (MSSP)
The conventional SSP given above will consider only one type of non-conforming items, in fact that it is assumed as critical defectives. The defective items found by the consumer while inspection, which would be replaced by the producer. That is the defective items are considered here as critical defectives even though the defectives belong to non-critical defectives. For example, in regular manufacturing industries the defects are classified into several categories. As stated by Borror (2009: 190) , A typical seriousness classification includes four levels of defect seriousness:
• Critical defect may lead directly to severe injury or catastrophic economic loss.
• Serious defect may lead to injury or significant economic loss.
• Major defect may cause major problems during normal use. A major defect will likely result in reducing the usability of the product.
• Minor defect may cause minor problems during normal use.
As stated in http://www.hkqcc.com/defect-classification.html, defects are classified into three categories. During inspection, all defects found are classified into 3 categories: Critical, Major and Minor. These classifications are made based on the following principles:
• Critical: A Defect that is likely to result in producing an unsafe condition or contravene mandatory regulation. In our normal practice, no Critical Defect is accepted; any of this kind of defect found will be subjected to an automatic rejection of inspection result.
• Major: A Defect that would reduce the usability of the product, or that shows an obvious appearance defect that would affect the sales of the product.
• Minor: A Defect that does not reduce the usability of the product, but it is still beyond the defined quality standard.
Defects could be counted as critical, major or minor according to your specifications and inspections criteria.
Jeya Chandra (2001) That is, if the quality characteristic is the outer diameter of the component (say a shaft), then the oversized components are classified as minor defectives, since these components can be reworked. However the undersize components are classified as Major/Critical defectives, since these components cannot be reworked and have to be scraped. On the other hand if the quality characteristic is the inner diameter of a component (say a shaft) then the undersize components are classified as minor defectives, since these components can be reworked. However the oversize components are classified as Major/Critical defectives, since these components cannot be reworked and have to be scraped. In some situations, it is necessary to classify the non-conforming items as critical and non-critical defectives. For such type of situations, there is no sampling plan is available in the literature. For this purpose, we propose this modified version of SSP and is designated as modified single sampling plan (MSSP). The operating procedure of the new plan is explained below. Vol 15, No 1, March 2016 , pp.41-48, © 2016 Step 1: Draw a random sample of size n from the lot of size N and observe the number of non-conforming items which are to be classified as critical (d 1 ) and non-critical (d 2 ) defectives.
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Step 2: If d 1 ≤ c 1 and (d 1 +d 2 ) ≤ c 2 then accept the lot; otherwise reject the lot.
The newly proposed plan has three parameters namely, n, the sample size, and c 1 and c 2 are the acceptance numbers respectively for the critical and combined defectives.
Performance Measures
The following are the important measures of the proposed MSSP. a. Probability of acceptance b. Average sample number c. Average outgoing quality d. Average Total inspection
Probability of Acceptance
The probability of acceptance or the operating characteristic (OC) function is one of the most useful measures of sampling plans which can be used to assess the performance of a sampling plan. The OC function of the proposed MSSP, which gives the proportion of lots that are expected to be accepted for given product quality,
Under binomial model, the above function becomes
Under Poisson model, the OC function becomes
Average Sample Number
The average sample number (ASN) is defined as the average number of sampled units per lot used for making decisions either acceptance or rejection of the lot. So the ASN of the proposed MSSP is same as that of the conventional single sampling plan. That is,
Average Total Inspection
The average total inspection (ATI) is defined as the average number of units inspected per lot based on the sample size for accepted lot and all inspected units in not-accepted lots.
is the probability of acceptance of MSSP, which is given in (1).
Average Outgoing Quality
The average outgoing quality (AOQ) is defined as the expected quality of outgoing product following the use of an acceptance sampling plan for a given value of incoming product quality. The AOQ of the MSSP is determined as
The maximum of AOQ is called the average outgoing quality limit (AOQL).
DESIGNING METHODOLOGY OF MSSP
There are several designing methodologies available to design the acceptance sampling plans in the literature. One of most important methods is fixing twopoints on the OC curve, in which the OC curve of the designed acceptance sampling plan passes through the two designated points. For protection of product quality both the producer and the consumer would focus on these two points on the OC curve to reflect their benchmarking risk. The producer usually desire to focus on a specific level of product quality, called the acceptable quality level (AQL) and denoted by p 1 , which would yield a high probability for accepting a lot. The consumer would desire to focus on another specific level of product quality, called the limiting quality level (LQL) and denoted by p 2 , which would give a low probability for accepting a lot. The probability of rejecting a lot at the quality level AQL is denoted by α, which is also called as the producer's risk and the probability of accepting a lot at the quality level LQL is denoted by β, which is called as the consumer's risk. Accordingly, a well-designed sampling plan must satisfy both the producer and consumer risks. That is, the sampling plan should pass through the two points on the OC curve namely (p 1 , 1-α) and (p 2 , β). So in order to find optimal sampling plan, we have used these two conditions as the constraints. Obviously, a sampling plan or sampling system having smaller sample size or ASN always would be more desirable. So, the ultimate aim is to find the optimal parameters of the proposed sampling plan which are the probability of acceptance of the MSSP at AQL and LQL respectively. In this paper, we have considered ' 2 " p p = in order to construct the tables. By solving the nonlinear problem mentioned in (7), the optimal parameters (n, c 1 and c 2 ) can be determined and are tabulated in Table 1 . Table 1 can be used to select the optimal parameters of the proposed MSSP for specified AQL and LQL under Binomial model. Suppose that a quality character- Vol 15, No 1, March 2016 , pp.41-48, © 2016 istic of interest under study follows a Binomial distribution. The quality auditor wishes to implement the proposed MSSP and wants to select an optimal MSSP for specified AQL with α = 0.05 and LQL with β = 0.1. Suppose that the AQL and LQL are specified as ' 1 p = 0.01 and ' 2 p = 0.05, respectively. Then, Table 1 gives the optimal parameters of the MSSP as n = 57, 1 c = 2 and 2 c = 5. For this optimal MSSP, we get the probability of acceptance at AQL as 0.96066 and the probability of acceptance at LQL as 0.09885. The OC curves of the SSP and MSSP with above mentioned parameters are depicted in Figure 1 . Table 1 can also be used to select the optimal parameters of the proposed MSSP for specified AQL and LQL under Poisson model. Suppose that one wants to find the optimal parameters of the proposed MSSP under Poisson model for specified AQL and LQL requirements. Suppose that the AQL and LQL are specified as ' 1 p = 0.0025 and ' 2 p = 0.025, respectively and the corresponding producer and consumer risks are α = 0.05 and β = 0.1. Then, Table 1 gives the optimal parameters of the MSSP under Poisson model as n = 62, 1 c = 1 and 2 c = 2. For this optimal MSSP, the probability of acceptance at AQL is 0.95040 and the probability of acceptance at LQL as 0.09997.
ILLUSTRATIVE EXAMPLES

Example 1 (Binomial Model)
COMPARISON
In this section, we compare the proposed MSSP with the conventional single sampling plan. For this purpose we provide In addition, we compare the proposed MSSP with the existing SSP in terms of OC and ATI. Figure 1 shows the probability of acceptance of SSP with parameters (n = 132, c = 3) and MSSP with parameters (n = 57, c 1 = 2, c 2 = 5) and Figure 2 provides the ATI curves of the above mentioned plans when the lot size is N = 2,000. From these, figures it is clearly understood that the proposed MSSP will give more probability acceptance when the fraction nonconforming is less at the same time the OC curve of MSSP coincide with SSP when fraction nonconforming is high. It indicates that the proposed MSSP protects both producer and the consumer with minimum sample size. Similarly, Figure 2 reveals that when fraction nonconforming is small, ATI of the MSSP is less and when the fraction nonconforming increases, it converges with the ATI of SSP. From these figures and Table 2 , we conclude that the MSSP is more economical with desired protection.
CONCLUSIONS
In this paper, we have proposed a new sampling plan called modified single sampling plan for the application of attribute quality characteristics. This sampling plan is a new type in the sense that it considers two types of non-conforming items such as critical and noncritical. Further both Binomial and Poisson models are considered for designing the plans. Tables have been provided for easy application of the proposed plan. Through a comparative study, it is shown that the proposed plan requires minimum sample size under both the Binomial and Poisson models compared to the conventional single sampling plan. It is planned to take up the cases of more classification (Minor, Major and Critical) of defectives in the future studies. 
